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PERSPECTIVE 
Australia has an electricity mains supply that 
differs from those of most countries. Safety 
standards relating to both the mains supply 
and mains-powered apparatus also differ. This 
paper describes the mechanism of electric 
shock and methods of shock protection — 
core-balance relays, protected earth-free sup-
plies and equipotential earthing are consid-
ered. Australian safety standards as applied to 
earthed mains-powered apparatus are sum-
marized. Particular attention is given to class 
A and B treatment areas and electromedical 
apparatus having a patient circuit. Class A, B 
and Z patient circuits are described. 
ALEX WARD 
Alex Ward, M.Sc, is a Lecturer in Physical Sciences 
in the Department of Biological Sciences, Lincoln 
Institute of Health Sciences, Melbourne, 
An important part of the repertoire 
of treatment modalities employed by 
the physiotherapist is described under 
the headings 'medical electricity' or 
'electrotherapy' . Such modalities 
involve the use of electromedical 
apparatus, often powered from the 
electricity mains supply. The use of 
any piece of mains-powered apparatus 
involves a small but nonetheless sig-
nificant risk of electric shock. In the 
hospital context the risk is compound-
ed by the complexity and number of 
pieces of apparatus with which the 
patient may be in contact. For this 
reason considerable attention has been 
given in recent years to electrical safe-
ty, particularly in hospitals, and guide-
lines and safety standards have been 
drawn-up to minimize the risk, to the 
patient, of electric shock. 
Guidelines and safety standards are 
ineffective unless all members of the 
health care team are familiar with 
them and know their own roles in the 
maintenance of such standards in 
patient treatment. For this reason phy-
siotherapists should know not only the 
procedures to be adopted for the safe 
use of a particular piece of apparatus; 
they should also be familiar with the 
broader aspects of electrical safety in 
a medical context. 
The aims of this paper are threefold: 
• to review the ways in which electric 
shock can occur 
• to review the way in which mams 
electricity is supplied to buildings 
• to describe methods of shock pro-
tection as related to mains supply 
and mams-powered apparatus in the 
context of existing and proposed 
Australian safety standards. 
The effects of different levels of 
shock current on the human body will 
not be considered in any detail. Such 
effects are described elsewhere (CSI-
RO 1975, Dewhurst 1976, Standards 
Association of Australia 1976, Du 
Bovy 1978, Ward 1980). Nor will the 
safety aspects of battery-powered or 
double insulated apparatus be dis-
cussed; they are considered in more 
extensive treatments of the subject 
(Dewhurst 1976, Du Bovy 1978, 
Standards Association of Australia 
1980). Instead, attention is focused on 
mams supply and the more common 
earthed equipment, 
There are several texts and review 
articles describing mains supply and 
electrical safety (see, for example, 
Cheng and Aston 1967 and Du Bovy 
1978). While much of the material 
included in these references is of gen-
eral applicability, detailed information 
concerning electricity supply and elec-
trical safety inevitably relates to over-
seas practices. Australia has a mains 
supply that differs from that of the 
USA, Japan and Canada. The Aus-
tralian standards relating to mains 
supply and electrical apparatus differ 
from those of other countries. For 
these reasons it is appropriate to con-
sider mains supply and electrical safety 
in an Australian context. While part 
of the material discussed is common, 
'mams supply' in what follows will 
refer to 240 volts alternating current 
(AC) with a frequency of 50 Hz. 
Safety standards and requirements will 
refer to those laid down by the Stand-
ards Association of Australia (SAA) 
in its relevant publications. 
Electric Shock 
It is convenient to distinguish two 
kinds of shock mechanism — 
macroshock and microshock: 
• macroshock — this is the familiar 
mechanism that has posed a risk 
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since the advent of commercially 
supplied electricity. Here, current 
flows from the body surface, 
through the skin and into the body. 
In order to produce harmful effects 
a relatively large current is needed; 
• microshock — as a result of increas-
ing sophistication in medical tech-
nology, the patient in a hospital 
setting may be connected to a num-
ber of pieces of apparatus some of 
which provide direct electrical path-
ways to the heart (for example a 
myocardial electrode or a transven-
ous catheter). A very small current 
applied directly to the heart via this 
pathway can be fatal. 
In order to produce an electric shock 
two conditions must be satisfied. First-
ly the victim must complete a circuit 
and secondly the current levels 
involved must be high enough to pro-
duce an adverse reaction. 
Suppose a person inadvertently con-
tacts one terminal of a battery (Figure 
la). In this situation no shock can 
occur. A shock current can only flow 
when the person completes a circuit 
and current is able to flow from one 
terminal through the persoa and ulti-
mately to the opposite terminal of the 
battery. In order for a current to flow 
the person must simultaneously con-
tact both terminals of the battery 
(Figure lb). 
For shock to occur the current 
flowing through the person must 
exceed a certain level. Currents below 
about 10 milliamperes (mA), -when 
applied to the whole body via the 
Table 1: Effect GT SHOCK currents inrougn ine uuay imacrosnocK/ 
(a) (b) 
A^J A ^ 
Shock current 
(mA) Effect 
Threshold of sensation 
Tingling, through to discomfort 
Pain, inability to let go, through to extreme 
breathing difficulties 
Ventricular fibrillation and death 
Severe burns, cessation of breathing, complete 
cardiac arrest 
0 5 -
1 -
10 -
50 -
1 
10 
50 
250 
above 250 
skin, are unlikely to cause an electric 
shock. This is because the current is 
distributed through the body so that 
the amount of electrical energy applied 
to a particular organ is small. But a 
current in excess of about 100 
microamperes (p*A) applied directly to 
the heart (for example via a myocar-
dial electrode) may be fatal. 
Shocks are described in terms of 
current flow and not voltage. The 
measure of a shock's intensity is in 
the amount of current that flows 
through a particular organ, not in the 
size of the voltage that produced it. 
The effects of different sized 
macroshock currents are described in 
the literature (CSIRO 1975, Dewhurst 
1976, Standards Association of Aus-
tralia 1976, Geddes 1980, Ward 1980) 
arid are summarized in Table 1. 
Mains Supply 
To understand the hazards associ-
ated with the use of mains-powered 
apparatus it is necessary to consider 
the way in which mains electricity is 
supplied. 
Sub-station 
r 
The very high-voltage electricity that 
is generated at power stations is dis-
tributed by cables to electricity sub-
stations, where step-down trans-
formers reduce the voltage to a lower 
value, A single, large step-down trans-
former may be used to supply the 240 
volts to many buildings in a residential 
neighbourhood. Large buildings in a 
city (for example a hospital) may have 
their own step-down transformers. 
Figure 2 illustrates, in simplified form, 
the power supply to a building. 
One terminal of the 240 V supply 
is earthed at the sub-station. This is 
called the neutral line. An earthed 
system affords a simple means of 
primary protection against shock haz-
ard situations. When the sub-station 
serves several buildings the neutral line 
is normally earthed at the fuse box in 
each building. (There are other reasons 
for earthing the neutral terminal — 
see CSIRO 1975, Williams 1980.) 
240 volts AC is thus supplied to the 
fuse box in a building using two wires, 
the active wire and the neutral wire. 
The neutral wire is nominally at earth 
potential (zero volts) and the active 
Meter Fuse 
3-pin 
mains 
outlet 
Transformer servirv 
neighbourhood or large buitding Building 
Figure 1: A person must 'complete a 
circuit' for shock to occur Figure 2: Mams supply to a building (schematic) 
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wire is at a high potential. The active 
line connects through a power meter 
to a switch and fuse or to a circuit 
breaker From the fuse box, power 
wires run to light switches and power 
outlets. For lighting it is common 
practice to use only the active and 
neutral lines. Power outlets, however, 
have three terminals: an active, a 
neutral and an earth terminal. The 
earth terminal is connected to a wire 
that is earthed at the building. Figure 
3 shows the connections of the active, 
neutral and earth wires to a power 
outlet socket. 
Both the neutral and earth terminals 
of a power point are normally at earth 
or ground potential. However, it 
should not be assumed that the active 
terminal (on the left in Figure 3) is 
the only hazardous one. For example, 
it is possible for the active and neutral 
connections to be inadvertently inter-
changed when the power point is 
installed. Mains-powered equipment 
will still function normally when 
plugged in to the power point; the 
fault can be determined only by a 
specific test. 
The testing procedures adopted by 
hospitals make it improbable that any 
outlet could have active and neutral 
connections interchanged. However, 
even when the power point is correctly 
wired it is possible for the neutral 
terminal to be above ground potential. 
This happens when appliances that 
draw a high current are connected to 
the same circuit. A high current flow-
ing in the neutral line will result in a 
potential difference between the power 
Active 
r i 
i 
» 
t 
I 
v 
Neutral 
j -> 
^ 
0 Earth 
-j 
Figure 3: Wiring convention for a power 
outlet (viewed from the front) 
Power 
out let 
Figure 4: Earthing of apparatus casing 
point neutral terminal and the con-
nection to earth at the fuse box, 
because the resistance of the neutral 
cable, while small, is not zero. If the 
neutral wire has a resistance R and 
carries a current I, the potential dif-
ference produced is given by Ohm's 
law as V = I x R. 
For these reasons both the active 
and neutral terminals of a power point 
should be treated with equal respect 
when considering potential shock haz-
ards. 
In the following, it is assumed that 
the power point is correctly wired, and 
the hazards associated with the mains 
supply are now considered. 
In normal operation, when an 
appliance is plugged into the mains 
outlet, current flows between the 
active and neutral terminals. The earth 
wire does not normally carry any 
current. The earth connection is only 
provided as a safety measure. 
The advantages of a three-terminal 
mains supply can be seen from Figure 
4. 
The circuitry withm the apparatus 
(represented by an equivalent load 
resistance R in Figure 4) is powered 
from the active and neutral wires. The 
earth wire is connected to the casing 
of the apparatus to ensure that there 
is normally no voltage on the casing. 
If the active wire within the apparatus 
makes accidental contact with the cas-
ing a short-circuit is produced and the 
fuse blows, cutting oft the active 
Apparatus casing 
supply. As long as the earth wire and 
connections remain intact there is no 
risk of shock from touching the appa-
ratus. 
Apparatus that plugs into the mains, 
then, is macroshock protected by ear-
thing. Nonetheless, hazards remain in 
the form of faulty or worn equipment 
or careless workmanship in construc-
tion of the apparatus 
How Shock Can Occur: 
Macroshock 
Figure 5 illustrates how an electric 
shock can result when apparatus is 
not earthed, because the earth wire is 
damaged or disconnected. The shock 
hazard in Figure 5 arises when the 
active terminal short-circuits to the 
casing of the apparatus. In this case 
two faults have occurred — a break 
in the earth connection and a short-
circuit of the active wire to the casing. 
Since the neutral line is earthed at 
the fuse box and power sub-station, 
a person standing on the ground is 
effectively connected to the neutral 
terminal of the mams supply. To 
complete the circuit and receive a 
shock, the person need only touch the 
active terminal or something connect-
ed to the active terminal. Current 
flows from the active terminal through 
the person to ground and hence to the 
neutral connection at the fuse box or 
power sub-station. 
Two important things should be 
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Short-circuit 
to casing \ 
Earth 
Figure 5: A person contacts apparatus that is not earthed and with the active 
wire touching the casing 
noted about the situation illustrated 
in Figure 5: 
• a shock has occurred because the 
earth wire is damaged. If the earth 
connection was intact the fuse in 
the active line (Figure 2) would blow 
and isolate the apparatus from the 
mams supply; 
• the fuse in the active line will not 
protect the person from receiving 
an electric shock. The fuses used 
for normal apparatus have a rating 
of several amperes. The person can 
receive a lethal shock (see Table 1) 
without 'blowing' the fuse. The 
fuses used in typical apparatus must 
have high ratings so they will not 
'blow' in normal operation (where 
the current flowing from active to 
neutral may be measured in 
amperes). 
A question that might arise is 'must 
both faults shown in Figure 5 exist in 
order for a shock to result?'. The 
answer is no. A shock can result when 
the apparatus is not earthed even 
though there is no direct physical 
contact between the active terminal 
and the casing. As equipment ages the 
insulation of the active wiring can 
deteriorate. This, together with the 
accumulation of dust and dirt, can 
give rise to a conduction pathway, 
which allows current to leak from the 
active wiring to the case. With new 
and well looked-after apparatus the 
insulation will be good and the max-
imum leakage current will be small. 
Bad design or deteriorating insulation 
can, however, increase leakage cur-
rents to hazardous levels. By earthing 
the casing and providing an extremely 
low resistance pathway to ground the 
risk of shock is minimized. 
Macroshock 
Protection 
From the previous discussion it fol-
lows that the fuses in the mams supply 
serve a protective role only when 
currents of several amperes are 
involved. For this to happen, the 
active wire must short-circuit to the 
earthed casing. How then can protec-
tion against shock involving much 
lower currents be obtained? There are 
two commonly used ways — either by 
using a core balance relay or a pro-
tected earth-free supply. 
Core balance relays 
Under normal circumstances the 
currents flowing in the active and 
neutral wires are equal. When an 
electric shock occurs or when a fault 
results in excessive leakage of current 
to earth the current in the active wire 
will be slightly greater than that in the 
neutral wire. This is because some 
current flows from the active wire to 
ground and through the ground to the 
neutral connection at the fuse box, 
thus by-passing the neutral wire. Core-
balance relays are used to detect any 
imbalance and disconnect the power 
supply when the imbalance exceeds a 
pre-determined value. The arrange-
ment is shown in Figure 6. 
Both the active and neutral wires 
pass through a sensing device. The 
currents in these wires are in opposite 
directions and they are normally equal. 
If the currents are unequal a signal is 
produced by the sensing device. This 
signal is amplified and used to operate 
a relay that disconnects both the active 
and neutral supply lines. The supply 
remains disconnected until the circuit 
breaker is manually reset (Dewhurst 
1976, Ward 1980). 
The response time of core-balance 
relays is quite short (less than 100 ms) 
and typical units can be adjusted to 
Core balance relay 
Fuse 
box 
Active 
Neutral 
Amplifier Power 
outlet 
-0% 
i—0 
Earth 
- / . V 
Relay t o ' 
break circuit 
Figure 6: Core-balance relay protection 
\ Sensing 
device 
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trigger on an imbalance of as little as 
5mA. They are available for perma-
nent installation (usually inside the 
fuse box) and are also supplied as 
portable units suitable for connection 
between power points and apparatus 
From the foregoing description it 
should be apparent that these units 
protect against the 'normal' situation 
where a shock current flows through 
a person's body to earth. They will 
not protect against the more unusual 
situation where a person inadvertently 
contacts both the active and neutral 
lines simultaneously. 
Earth-free supplies 
In the situation shown in Figure 5 
the person receives an electric shock 
because his hand makes contact with 
the active Ime and his feet are in 
contact with the ground to which the 
neutral is connected. A question that 
might be asked is 'would it be safer 
if the supply neutral was not earthed?' 
In this case the earthed person could 
not complete a circuit by touching the 
active line and so would not receive 
a shock. The answer to the question 
is a qualified 'yes'. 
Figure 7 shows how the normal 
mains supply can be rendered earth 
free by using an isolating transformer. 
Since neither side of the transformer 
secondary terminal is earthed "it 
appears that a person can touch both 
the earth and one transformer terminal 
without receiving a shock. At first 
glance it would seem that a person can 
only receive a shock if both trans-
former secondary terminals are con-
tacted simultaneously. Unfortunately 
this is not the case in practice and the 
reasons are twofold: 
• if a piece of apparatus plugged into 
the power point should develop a 
short circuit to earth no fuses will 
'blow'. The fault can remain unnot-
iced indefinitely. In the meantime 
the earth-free supply has been con-
verted to an earthed supply and we 
have no knowledge of which side of 
the transformer has become 'active' 
and which 'neutral'; 
• if faulty or poorly designed appa-
ratus is plugged into the power 
point, the insulation resistance 
between either supply terminal and 
earth can be reduced to the extent 
that the supply is effectively earthed 
— again with no knowledge of 
which terminal is at earth potential. 
The system can be rendered safe by 
adding an earth leakage detector 
between mains earth and the two 
transformer secondary wires, as shown 
in Figure 8. 
In normal operation a negligible 
amount of current flows through the 
leakage detector. If, however, appa-
ratus with a short-circuit or defective 
insulation is plugged into the power 
point, a current will flow through the 
detector and activate the alarm. 
Clearly, then, when earth-free sup-
plies are used, an earth leakage detec-
Isolatmg transformer 
Fuse 
box 
r~ 
Active 
Neutral 
240 § 
volts tj| 
L 
Earth 
| 240 
£ volts 
1 Power 
• outlet 
- - -
/s <\ 
</ \> 
—u 
Figure 7: isolation with a transformer 
tor system is mandatory. This com-
bination provides a high degree of 
electrical safety. 
Of the two systems, the protected 
earth-free supply is somewhat safer 
than an earthed supply fitted with a 
core-balance relay. Unfortunately the 
isolation transformers and leakage 
detection circuitry needed are both 
bulky and expensive. For this reason 
protected earth-free supplies are only 
found in areas of high shock hazard. 
Core-balance relays, which are rela-
tively cheap and easy to install, are 
considered adequate for more general 
use such as in physiotherapy clinics 
and the physiotherapy departments of 
hospitals. Whichever method of pro-
tection is used it is important to have 
the system checked at regular intervals 
to ensure that the protection mecha-
nisms are operating correctly. 
The Mieroshock 
Hazard 
The use of electronic devices in the 
hospital setting has proved of immense 
value for patient monitoring and 
assessment. It has, however, also 
introduced some special risks of which 
the modern member of the health care 
team must be aware. 
Consider the patient in an intensive 
care unit. In some cases the patient 
may have apparatus connected by a 
direct electrical pathway to the heart. 
One such situation is illustrated in 
Figure 9. Here a very special hazard 
exists because of the low current need-
ed to cause ventricular fibrillation. 
Even if all the equipment is earthed 
the patient can still be electrocuted 
unless adequate precautions are taken. 
The patient in this situation is con-
nected to two pieces of apparatus: an 
electrocardiograph (ECG) machine 
and a blood pressure monitor. For 
simplicity only the earth wires are 
shown. The patient is connected to 
earth by two pathways: the electrode 
connected to the right leg is earthed 
via the ECG machine and the fluid 
filled catheter is connected to a pres-
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Isolation and leakage detection 
Figure 8: Isolation wiih earth leakage detection 
sure transducer* which is earthed via 
the pressure monitor. 
The risk of shock arises when a 
potential difference exists between the 
earth terminals on outlets 2 and 3. If 
a current, I, flows along the earth 
wire connecting the two outlets, a 
potential difference will result. If this 
potential difference is large enough 
then a current large enough to elec-
trocute the patient may flow from the 
earth connection on outlet 2, through 
the patient, to the earth connection on 
outlet 3. Remember that currents in 
excess of around 100 microamperes 
flowing through a patient's "heart r ep -
resent a hazard. 
Normally, of course, little or no 
current flows in the earth wire, which 
is there only to carry leakage current 
from tht apparatus plugged in. If, 
however, an appliance with a high 
leakage current, such as a vacuum 
cleaner, is plugged into outlet 1, a 
dangerous situation can result. 
Vacuum cleaners are notorious for 
producing large leakage currents 
because the motor is continually 
exposed to dust and moisture, which 
lower the insulation impedance. Vis-
ualize the situation where the patient 
in Figure 9 is connected as shown, and 
a cleaning lady, working her way down 
the corridor, plugs her vacuum cleaner 
into outlet 1 (on the corridor outside). 
The leakage current flowing in the 
earth wire could raise the potential at 
the earth terminal of outlet 2 to a 
sufficiently high value (relative to out-
let 3) to electrocute the patient. 
The solution, m this case, is to plug 
all apparatus around the patient into 
a single power outlet or to interconnect 
the earth terminal of each outlet with 
heavy gauge copper wire. It is also 
necessary to ensure that the wiring for 
the power outlets in the patient's room 
does not connect to the power outlets 
in adjacent rooms or corridors. A 
further essential precaution is to 
ensure that any apparatus that is used 
Mams |" 
outlet 1 ■ 
in the patient's room has been tested 
for earth leakage and meets the appro-
priate safety standards 
Patient Treatment 
and Electrical 
Safety 
From the foregoing considerations 
of shock and shock protection it is 
apparent that there are three levels oi 
risk associated with patient treatment 
The greatest risk is to patients couplec 
to apparatus that may have a direci 
electrical connection to the heart. A 
lower level of risk exists where thert 
are no invasive electrical connections 
however, we should distinguish th< 
patient who is coupled to electromed 
ical apparatus by surface electrode 
from the patient who is not electrically 
connected to any piece of apparatus 
The reason is that if a patient i 
connected by electrodes to, say, ai 
electrocardiograph the potential for ; 
shock to occur is increased by th< 
deliberate electrical connection. Ii 
addition, the skin resistance has bee] 
minimized by cleaning and applicatioi 
of a conductive electrode gel. In thi 
case the voltage needed to produce . 
fatal shock current is reduced. 
Transvenous 
' catheter 
Blood pressun 
monitor 
Mains 
outlet 2 ' J 
Mains 
outlet 3 
Figure 9: A shock hazard situation 
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Patient protection is afforded at 
IWO levels; 
* by using apparatus that meets 
appropriate safety standards; 
* by appropriate protection built into 
the mains supply. 
JBach factor will now be considered. 
Frotection and the mains supply 
Patient treatment areas in Austra-
l i a hospitals are distinguished accord-
ing to the kind of procedures or 
treatment used, and different safety 
standards apply to the mains supply 
In each case. Three types of treatment 
area are distinguished: 
* Class A areas are those that are 
suitable for carrying out procedures 
involving direct electrical connection 
to the heart. The safety require-
ments for both the electrical supply 
and apparatus to be used in such 
areas are stringent (SAA 1978a, b; 
SAA 1980); 
* class B areas are those suitable for 
carrying out procedures that do not 
involve direct electrical connection 
to the heart but do involve the 
patient being in direct electrical con-
tact with electromedical apparatus. 
Safety requirements are more strin-
gent than those applying to areas 
where no electrical connection 
between patient and apparatus is 
necessary; 
* Other patient areas are those that 
are not specifically suited to class 
A or B procedures. Apparatus that 
is not electrically connected to the 
patient can be used. Apparatus 
intended to connect electrically to 
the patient can be used, but only if 
the apparatus itself meets stringent 
safety requirements (equivalent to 
that of a class A or B treatment 
area). 
When direct electrical connection is 
made to the heart, shock currents as 
low as 100 JJA can be fatal. For this 
reason, class A treatment areas are 
designed to minimize this risk. The 
earth wiring m a class A area is 
constructed from heavy gauge copper 
wire so that even when substantial 
currents (up to 1 A) flow in the earth 
wire the potential difference between 
different earth terminals is kept below 
100 mV. An area that meets this and 
other (SAA 1978a) requirements is 
described as an equipotential earth 
(EP) area. If the maximum potential 
difference is kept below 100 mV then 
the maximum patient current will be 
below 100 fiA (assuming a minimum 
patient resistance of 1000 Ohms). 
In addition to the requirement for 
equipotential earth wiring, class A 
areas must also be protected by core-
balance relays or have a protected 
earth-free supply. 
Class B areas are those designed to 
protect, from macroshock currents, 
those patients who may be connected 
directly to electromedical apparatus. 
It is not necessary for the area to have 
an equipotential earth system but the 
supply must have core-balance relay 
protection or a protected earth-free 
supply. 
Best protection is afforded by a 
protected earth-free supply but such 
installations are expensive. Core-bal-
ance relay protection can be provided 
economically and gives an adequate 
level of safety. Class B areas with 
appropriate core-balance protection 
will have the mains supply discon-
nected within 60 milliseconds of the 
active and neutral current imbalance 
exceeding 10 mA (SAA 1978 a). 
Patient areas that are not designated 
class A or B have no 'special' safety 
requirements other than those that 
apply to commercial, industrial and 
domestic supplies (SAA 1981 a). This 
means that the area does not provide 
protection if contact is made (either 
directly or indirectly) between the 
active supply wire and earth. It is 
recommended, though not mandatory, 
that such areas be provided with core-
balance relay protection. The recom-
mendation should be considered seri-
ously since normal protective devices 
(fuses or circuit breakers) can allow 
currents of up to 150 times the 
macroshock hazard level without 
operating to cut off the supply. 
Protection and electromedical 
apparatus 
Electromedical apparatus used for 
patient treatment falls into one of two 
categories. In the first category is 
apparatus with no deliberate and direct 
contact with the patient, such as an 
infrared or ultraviolet lamp. In the 
second category is apparatus requiring 
deliberate electrical connection with 
the patient, for example apparatus for 
delivering interferential currents or 
faradic current. In this case the appa-
ratus has a patient circuit. 
Both kinds of apparatus must meet 
certain safety standards specified in 
terms of the amount of leakage current 
that can flow under different condi-
tions. Apparatus that has a patient 
circuit must meet additional safety 
standards. 
Consider first electromedical appa-
ratus that does not have a patient 
circuit. In this case the significant risk 
to the patient is if the patient inad-
vertently contacts the apparatus cas-
ing. If the maximum contact current 
that can flow is below a specified 
value (10 ^A through a 1000 Ohm 
load) and the earth leakage current is 
less than 100 JLLA then the apparatus 
is designated class A (SAA 1978 b). 
This is the safest kind of electromed-
ical apparatus. Other electromedical 
apparatus must have a maximum cas-
ing contact current below 100 juA. 
This is considered to offer adequate 
protection when the patient has no 
possibility of direct electrical connec-
tion to the heart. 
When a piece of electromedical 
apparatus has a patient circuit then 
the patient circuit itself can be either 
class A, B or Z. 
Class A patient circuit. This is the 
safest circuit. If the leakage current to 
the patient circuit is normally below 
10 pA, and is below 50 \iA even when 
a fault condition exists (when the earth 
lead is broken or the patient inad-
vertently contacts the active terminal 
of the mains supply), the patient cir-
cuit is designated class A. A class A 
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patient circuit affords an adequate 
level of microshock protection. 
Class B patient circuit. This circuit 
is macroshock protected. The normal 
leakage current is below 100 ^A and 
the current that can flow when the 
earth lead is broken is below 500 uA. 
To comply with class B specifications 
the fault current that can flow from 
the patient circuit through the patient 
to the active terminal of the mains 
supply (in the event of the patient 
accidentally contacting the mains 
active lead, either directly or indirect-
ly) must be below 5 mA. In other 
words, a class B patient circuit has 
adequate isolation from the mains 
supply to minimize the risk of 
macroshock. 
Class Z patient circuit. This type of 
circuit affords a minimum level of 
macroshock protection; one terminal 
may be earthed. Such a circuit must 
have leakage currents below those 
needed to represent a macroshock 
hazard when the apparatus is operat-
ing normally or when the earth lead 
is broken. However, no protection is 
offered against the situation where the 
patient inadvertently contacts the 
mains active lead. 
Protection in 
Summary 
It should be apparent, from the 
foregoing description, that electrical 
safety is only ensured if: 
• the equipment meets appropriate 
safety standards 
• the electrical supply meets appro-
priate safety standards 
for the treatment procedures involved. 
The strictest safety standards are 
mandatory when the patient has 
apparatus connected directly to the 
heart. In this case the mains supply 
should be that provided in a class A 
area, and electromedical apparatus 
with a patient circuit should not be 
used unless either the patient circuit 
is class A or there is no possibility of 
a direct electrical connection with the 
heart In this way the risk of micro-
shock is minimized. 
When there is no direct electrical 
connection to the heart it is sufficient 
to protect against the risk of macro-
shock. This can be achieved either by 
using equipment with a class A or B 
patient circuit or by treating the 
patient in a class A or B area. If the 
electrical wirmg in a patient treatment 
area is class A or B then patients can 
be safely treated with apparatus with 
a class A, B or Z patient circuit. If 
the electrical wiring in a patient treat-
ment area is not class A or B then the 
patient circuit must be class A or B. 
In other words, if the mains supply is 
of the normal household variety then 
electromedical apparatus should have 
either a class A or class B patient 
circuit. 
Only when there is no patient circuit 
and no possibility of an intracardiac 
Start 
connection should electromedical 
apparatus be used on a normal earthed 
(but unprotected) mains supply. 
Figure 10 shows a flowchart sum-
marizing the requirements for earthed 
mains-powered apparatus and the class 
of area in which it can be used. 
The flowchart shown is based on 
those of Australian Standard AS 3200 
and Figure 5.3 of draft standard DR 
80253 (SAA 1978b, 1980) 
Some implications for the therapist 
It should be borne in mind that the 
safety requirments and recommenda-
tions described here and specified in 
the relevant Australian Standards were 
formulated with hospitals in mind, 
since the principal usage of elec-
tromedical apparatus is hospitals. 
The formulation of standards is 
being followed with the formulation 
of requirements for the maintenance 
Procedure must 
be earned out 
in a class A 
Yes 
± 
is there a 
possibility of 
an mtra-cardiac 
conductor (class 
A procedure)? 
All mains powered 
equipment must 
• be connected in 
same equipotentiaf 
area 
9 meet relevant 
safety standards* 
No Does the 
equipment 
have a patient 
circuit? 
No 
Does the mains 
supply have 
class A or 
class B 
protection? 
V Yes 
Will individual 
patient circuits 
{if any) have 
possibility of 
fntra-cardtac 
connect ion9 
Use class 
A or B 
patient 
circuit 
Use class 
A, B, or Z 
patient 
circuit 
No special 
precautions 
No 
r A 
Patient circuit 
must be class A 
Use class A, B, or 
Z patient circuit 
*As specified in AS 3200-1978 
Figure 10: Flowchart for the safe application and use of electromedical 
equipment. (Battery operated and double insulated apparatus is not included ) 
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and regular testing of electricity sup-
plies and electromedical apparatus. 
This has significant implications for 
the hospital-employed physiotherapist 
and also the private practitioner 
Responsibility for electrical safety 
in a hospital, both in terms of the 
equipment used and the area m which 
treatment may be carried out, is taken 
conjointly by the hospital administra-
tion, physicians, physical therapists 
and all personnel concerned with 
equipment use and patient treatment. 
This means that the therapist, and 
indeed all members of the health team, 
increasingly will be required to be 
familiar with the practice of electrical 
safety in a medical context and their 
own roles in the scheme of things. For 
this reason a basic knowledge of 
mains-supplied electricity, shock and 
shock protection and the particular 
safety standards adopted in Australia 
and outlined above are essential. 
As yet, no regulations have been 
laid down regarding requirements for 
the private practitioner treating 
patients with electromedical appara-
tus. To this extent the private practi-
tioner has a 'free-hand' in such matters 
as the purchase, regular maintenance 
and testing of electromedical appara-
tus. Nonetheless is should be apparent 
that the prudent approach would be 
to make decisions in the light of 
existing hospital safety standards and 
procedures and the relevant draft 
standards. 
A few points are worthy of note: 
• Australian Standards AS 3200 (SAA 
1980) and AS 3208 (SAA 1981b) set 
out the safety standards appropriate 
to electromedical equipment. Cur-
rently, there is no legal tequirement 
for the manufacturer to demonstrate 
compliance. It would be advisable 
for any purchaser to require com-
pliance with AS 3200 and AS 3208 
as a condition of purchase; 
• even when the equipment originally 
purchased meets the relevant safety 
standards, it can not be assumed 
that it will continue to do so. Equip-
ment should be regularly checked 
by suitably qualified personnel (see 
draft standard DR 80253); 
• equipment with a patient circuit can 
be either class A, B or Z. If the 
patient circuit is class Z it should 
be used only in a class A or class 
B treatment area. For most private-
practice treatment areas the area 
can be made to meet 'class B' 
specifications by the testing of exist-
ing wiring and the installation of 
core-balance protection. The testing 
and installation is not a prohibitively 
expensive operation, nor is regular 
testing of the installation. 
• portable equipment with a patient 
circuit may need to be used in a 
private home or other 'class Z' area. 
This kind of equipment should have 
a class-A or class B patient circuit. 
(Note that it is likely that privately 
owned electromedical equipment 
will not be allowed to be used in 
hospitals in the future unless the 
equipment passes the relevant safety 
inspections before use and at regular 
intervals.) 
Finally it should be remembered 
that the substance of this paper con-
cerns mains-powered apparatus of the 
kind most commonly met by physio-
therapists (ie mains-earthed) and most 
likely to represent a shock-hazard sit-
uation. The special requirements for 
battery-powered apparatus or double 
insulated apparatus have not been 
considered but are included in the 
relevant Australian Standards (SAA 
1978a, b) 
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